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(57)Abstract: 

PROBLEM TO BE SOLVED: To precisely measure the crystal grain size of 
a spangle even when the concentration difference between the spangle and 
other crystal grains is small by reflecting the light irradiated to a surface to 
be measured by the surface of the crystal grain to be measured, and taking 
the image thereof. 

SOLUTION: A light source 2 adjustable in the irradiating angle and light 
quantity 0 to a surface to be measured 1 1 is provided on the side of 
surface to be measured 1 1 of a matter to be measured 1, for example, using 
an Al-Z plated steel plate after surface coating treatment. An image pickup 
equipment 3 such as camera, CCD or the like is provided on the same side 
in opposition to the surface to be measured 11. The pickup image data by 
the image pickup equipment 3 is transmitted to an image processing device 
4, and the crystal grain size in the surface to be measured 1 1 is calculated 
by the image processing device 4. By providing the light source 2 set to a 
prescribed irradiating angle and a prescribed light quantity, the 
concentration difference between a spangle and other crystal grains can be 
increased in the step of taking the image of the surface to be measured. 
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AU3 1 -2 3° ©ttHT«Bfc*a«#&ttSCiK:fc 
So ft*. iOROB«ft«ia««4t*tt5 2ffi[^Hffl[ 
(2 8 0T*ofc. 
[0 0 5 5 ] 01 4(2. &,S&&Xffl£H<gi®a=g»4 

ic*jht» 6 nfcigsesaj^ fit t ©m&£ ^5 7 t» 

0. fllttCttttAttSXtt (mm) £IEMb. KMica 
■«ttC»*-r*tefteSSISfl[ (mm) £**§EBbT 20 
&«. 

[ 0 0 5 6 ] 0 1 4 (c^TflK , ftgjt&Sft£4I©ej| 
ttff*«t#-r4«att±0. lmmfSSTiiSD. 

[0 0 5 7] ft*. «gft*tgJ|fiiO*«)*Kt5V»T«. 

01 5&#sauTKwrs. 01 5 (j, liA&sxtto 

ft. 01 5fc*tt»T, Wtell l±Tffi6©gS;fttf 
A°>£MUs, s, •••©<!&£ g*lTftft-f ft. ^LT, . 

[0 0 5 8] mm<Dmm3. @i6it *si©^.3ic 

0 1 6 KiS^T. CfiD|»AttSMSg£llia. A 1 - Z n 

©ss (ttffl^is) 1 icwur**/*>^<attJMa 

[0 0 5 9] ftttKjSHJanfcllMfiiW:, 2^©n-5 
r, r CfcOftatattTiJO. :ften-5r, r©f 
i£K*ttft§M 1 '\ft£HBS*Tftiia937 , o-:72 1 j&tflH 

tt Am (x^nm ezo° ~ 9 0 0 ©bhtsemrjh 

* «t 5 CI^ bftl/>£#7 l/-AC$J#SnT*5 0 . m 
BJ! 7^-7 2 1(2. ?fe7 7-f A' 2 2 ^bT^iH 2 tClg 

[0 0 6 0] 1ICI2, 7< 

>, jS, U >^9©»S«0S»ffi£WT**>0>!W£fflnJ 

hit****, mmnmmi tmm<DW&\z£K), 50 
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JS©»ttK*^Ttt, 3tt*2k:*ttanfc*^5«IW« 
5 3(Cefc-?T. f!£l®M£3a^£M££i;TMS£ 
ftftcfc^ClftoT^ft. 

[0 0 6 1] (»«8§) 3(2. «ttJH»i6MlEt- 

SB&7U— y-'3 1 k:»ttSftT*J0. ■«7«J— !f 3 
Hi. SlfilWffiiMiiStTtil 2 ©363tffi«i ifCfSbT 
j§{fc.$<n#'>ft < ft ft «k 5 Cfcftftifl Sifcit b . t> * 5 

{£.5ttl#4>ft^©T> Z<DWi&7 U— tf 3 1 SrtfB&Tft 

[0 0 6 2] BflM&SfHUte, T-f^D^D-t^-S-^S 
ft 9. B»7'J— tf3 l^^^n^MteSl 1© 
BHSix-^ftiMtb, S^fcbfcBfcx-^SCRT 

stc^©H<«T : -^=£2{ii{b, ttraaa (/-rxwtss. ft 
a*^) u Htffla*£*tcso'^Tigafeit2^^®bfc 

^#Aft„ sfe, ®f^agi54}j. &m\zfcCTmwi& 

*. ««B»5 i -i'*iiS«if5tt:ai54 3 C»tti-ft. 
[ 0 0 6 3 ] * * 7 Mffffi 5 3 (2, BflftffiSffi 4 t fjgij 
©v-f ^pyD-fe-7lt^6ftD. BflMa9ff4»6#A 

s nfcte ssgiteffi s^ta, - ^ e> ft ft an 

»Jffllg|5 5 2 *?>LT. HSbJftt»±ffia>tTa-^'va 
tHTft«t5(cftoT^ft. ±tta>bri-^*»6 
ttn«ttcUT9AMIfffi5 2 ^LTW 1 ©MJiMiiffi 
©t»«7!)?§ff$tl, *^7$iJHa55 3(2. ^©MJiligS 

±««MCRT5 KCtiJ73-rft 0 
[0 0 6 4] ft*5. */7*i]»gB5 3©±&P>ti- 

tfeT*, SfcBf^lHltt»0»«B«*^©|gftegilll 

WTinai-rftfiffiKt-r ftctfcTtft. fit. iMftiSS 

(2® lifflaSC 4 R^** / 5 MBB 5 3 ©Maiiffi (3 «t o 

Tit^nsfccfss*'. mmz\$m&i(DMmjjfa 

z ~ft+H z C»fcbfcft»l-e!lffl±+#-ca&*. 
[0 0 6 5] ft*. *HJS<0»JHc*St»Tfi. A l - Z 

*"r««j«i bfc^, «fltttB»cmci8« *>©-c(2ft 

t>. fib, ^SeSS'J^ffi©ffliSft7^-HA'-7^i:. 

«3ii^<nftS?ts i ©/\**y*, fi#^ic«t-Btejiteg 



(8) 



1 - 1 5 3 4 1 9 



[0 0 6 6] 017H BftffiSaE4£*St**f&a&S 

«)»ilSnfc«i£fflHT2tfl:U Uf7 7*2) , 2 
SStfTtaaiffOlMlSfcfr&S Uryy3) . 

t. */o^;ufcffi3-f4SB#©ig*ftSiSiJ¥L, Ux 

77) . ^T©^^>^;UtOHTfTofc«^lCtt. ^ 

»iweanfc«*»c*^»T. fig©/h$^x/i>7;u 

«*»r-S Ut7^8 : SSil&£) . 7,y-y7&\ZT 

ft43. Xf77'7 (CT^TroX/O^UC-OUTfToT 
^ft^if^lCte, Xx-y^-Xxy 76 ££80311% 
[0 0 6 7 ] ft4b\ Xxy^Sl^tSHffifcte, X/^ 

±a t ra #©ttftfi« fcfi & v> , c <& * © ite <i 

[0 0 6 8] @18(1 ffl»©;*xy:/3©fltl8UlK43 

72 fc43tt-5 2*ft«©«***5CWlC*bT»*. HI 
1 8(C43UT. ttHJgiiil lOiiillHSftttft^ 

r i j T^^n, -t*u&w©8B$m ro j T*sna 
a*, sissi Mmm<nMt>fr<D/-i xm<D 
SHiCckO. */^>iW£W©fi&#Tt> r i j 
n4«i«<*4. fct*. c©ffiiL6P£S-m. r i j 

©HiJtSlCfcgU -t©H*£©DHtf8^©H*#£T 

roj T£3i§£tc. croaks- ro j 

[0 0 6 9] B19B. *aa>©Xx-7^3©S9Mffi{Ct3 
tt*7tS»Slft!PlT*fctt©Biiill0T»D, H 1 8 
^tC7,x-7 7 2 icfctt* 2 «Ht&©ttJ6£«StWi;:iSl, 
T*S. 01 9(C43l>T. ilttLfc r 1 j OB3(5»tt^ 

a>7ju£^lt43 9, r o j ©im 

tt*-©te©B&#£jSLT^S. tZZtf. WJfiflDfflijft 

»*tl^»©asi3TXA>y;KOiii3)f»iz ro j ©H 
liftfc r o j ©H*xKfrt©uii*«Nc»BU c© 



r o j ©h^m^se* ru izwm?i>zt\z£ 

[0070] H2 on mm<DMm 3 cffi*£A&g8!i 
mmm\z xm& 1 ©x a > ^jusaesssut t t 

^77T»D. «tt(c(J^«i©i'i^S (SJii#rajft 

£ : km) SrSHBb, Ktt£ttttM£tf£-r&ttAttfi 
jflj^ffi (mm) t. mmmS. (ra/ml n) £**I2M 

^n 7 hLT*5 t ^^ir, «>I£*f*£ft5§«Sl fc 
tt. ifSIO. 7mmOWRla^l>6n. f-'I^fi 
0 . 5 8k m©S# 1 . 3 mm©»fi 1 b II 

[0071] @2o ts-ra < - «aia*©« »k»*> 

[0 0 7 2] *SE«©»«tta±©»*«rittUT* 
0 . *te©Bffi 2 l;Mt *»5Hcttn-©#JHi? #S 

[0073] mmnrnwA. 02111, mm<Dmm4\z 

[0 0 7 4] H2 14C*V»T, ?Tntlttfl{3 4» < iEffi 
l©ffiii*r&]<i:¥?flcEB$n, ££JPHfiltCj*flrrs 

34 1t, flt[Eetfe*«F*lSl^t-A3 4 1 ^HffiLT 

0. jtf-f KfaU3 4 2Ktt, cntEKEBirrs*-* 
3 3#-€-©ffla«l£#-r KtalT 3 4 2 KEtt«K8Ht5 

30 nti^. sfc. tf-A3 4 1 <D$>mmz\tfi x ? 3 # 

[0 0 7 5] k*-A 3 4 1 HfCiflJSBIt 3 

2#*ttlfc»rtlLTKW-&ftTt»6. £©««£«• 3 2 

a, u— tf**si©siSfcjiHWu. ^©s*f7t(cao* 

t»T3t*WC*> 5 3 1 ©«Ei©S§HI (8H£g 
HI) Si»J3£-r4t>©T?»i3. BfSffllSIBHfflr«j£b, 
£©«Jfctt**lHlfflS«4'v**.*. ft 43, ffJJSgft 3 

SC, »«8SS«S©-»WftiWE#S!4ffl^5C£*ipIfi 
40 MSI HfS=&oitfti>«te>lz^M^S* 

[0 0 7 6] i®fg!fflag|54a. Hffi©^fiB3©H(ft«L3 
f»4£ra«©««6S:*r-r4tt ! bt. l»fflfflte*£illE 
ft 3 2 A> 6©nEI&JRj: lC»^l»TttSttftft»I|i Ufc 
*T. «»tg* («SSfrlSa'J«fi) t*/51WfP»5 3 

[0077] H2 2H mim®®4\z&tt%te&*m 

S£©^«l3lr43ltSEIl 7©Xx>yyi~3<h|Hl^lCffi 
50 T-{fc, 2 Mft, itH*aS£??fte> (Xx-y^l~3) . m 



0) 



WHPFl 1 - 1 5 3 4 1 9 
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HT, HEM- 3 2CJ:*8JEItj|l (i»J5g!EPi) 

(X77/5) 0 fit. 01 7©7>x-y74 
~9i^HOffl^7^ Uxy7*6~l 1) . 
[0 0 7 8] [3 2 3tt, iMM©Xxy7°5K:fctt3 IB 

»©*Tftto*»t«iH-r«fc»fl!)»iflH-eft*. 02 

3fc*HT. pttliI©^tS^ltt30, 1, 1 
tt*«fe*UTli*. IPlf£lteil#b©<ig (llfi 

g) icasa*. /t*y*. wh-ammz&v), mm. 

SI lT*4JPltRl©SiB©ffc»i:#.*7 3£©!E« 
Stft£tt£ttffl£iEil l©*/i>^JU0**SW:±Jfi© 

i©Sgi££Db (Sqsn^Sgfll) tb. *©££©1H 
lSl©^-ft£Xb (S*PH*7f-ft) i-T-6. fit. Hi 
tfH2 3£jjmn<*«l#s ■ 
iPJjSgft 3 2 TM3t3 n^fifi b t * * y 3 t ©S§il£ D 

stLfctfciiio^x s a, 

Xs= (Xb/Db) • Ds 
[0 0 7 9 ] m 2 4 «. &jft©ft&4 £fitS»£&SH 

sgBfc=t o t»jis i ©7./t > ^;ngsea*ai« bfc 
^mt^n{c^jEB-rsiPjj«sEKt©ii«^^-r^7 7T 

*0, lOSHfcfi («8il*r6]fi$ : km) 

m) t. W^©$D^S^iteSg«{C^-f§fi|SSg0M^ 
(mm) ££**gagbT&£o Sfc. *£A&»J;£ffl 
© if y 7 ± \t . ffi g © ffi!JS ft HQ IH £ T IS A&S Xffi * 

[0 0 8 0] 024 iZ*?m < . aiSElBOSEWJCJfilto 
[0 0 8 1] #H»©}&ffittiJU©«l€WfiK£UT» 
[0 0 8 2 ] 

fifc§s#iEJg s j; 5 1 stag© na w^jsx a z. ©sasta 
mzttTzt&imcDxmpimzm-iZL, x/o^kd* 

[0 0 8 3] ±»©tt*>e«[©3e**mEiii*t 
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£&©«$£&«<» §§©^{i!s&gtc-&fr-fr3 d 

[0 0 8 4] ««S*fflV>T»«Lfc»ifflj£iiJ© 

fcH©Itg£»*U SC»«S*tX^^T^/^>^© 
10 |gA&g**Jrr* 9. flMkBttftglEllftli 

jitts©adwg*ft*ie«Kft* c 

[0 0 8 5] jfefc. *M£iB^3ttfcJiHtt-r*3fcflHW*» 

[0086] *fc. jtBa»^a©3tt«s»«T*»flE. 
itiet$A<z>&S£ i»a©» < »»-r* t <t t> »c, atms 

*£WJfc«fc©flHi*at*U CtlS©«»S:3ta©* 

20 ;P&^-t©ffil©eAS©»i»SS:WtttC-r*«a&>tft 
©MWiaiBfcttft. 

[0 0 8 7] *fc. 7feBaw¥®©feates^©raw^a 
£^M-f susit. ^aaisA©&tis:flti3jE©a<siff-r* 

ifcfcK, KS*g*ifJr£«£:©«3£SiJfU £*"lb 

m<D*frzmmtfgL'btuz>m&tnm*MtR-?%z.t\z 
io, «fcSfta*/oy;kfttf-t©«i©i8ii&©»« 
^*w«i;r4«a/.cfi8Wftfl[©a«*^fli£!&-6. 

[0 0 8 8] 3 St. 2fiftlrfflH*»«Hffl[£«S-r 

30 suss. tffia^A©*5s^Bjai©$a<}^-r-5££ : b 
ic »»te*£0f^ffi£©ffls*si*u. :n^osi 

£»&Hffi©£MlOiSi;Ttt0£U. SlffLfcftg©* 
««$ft4;*/oy;U&r;*©te©*g|M&©»»g£9i 

«fc-r4«a?a»SBSfit©ai«**Piffi£*a«!. *«w 
[0 1 ] *5SMtc»steAtesa!i5es«©«ifiKss , r^ 

ny^0Ti&-5„ 
40 [0 2] S«53tt©t>tT»«Snfct6S!l£iS©ffl«ili« 

[0 3 ] *8HlCffi£HA&gH££HlcJ: Q&ftSn 
Ac tt iflijS ® ©ttttfltt © -« S: ^1" 8!=S El -c » s . 
[0 4] A 1 -Zn^y*»|S*««3e*iUfct*© 

sBStftftfl £< -t©is©ai«ia«*^»&ft4isses 

[0 5] Al-Zn^7««I^tL/:ig© 
SM^S©fi8ffiw £ . *-©|R©£fftPiffi7» b » b tS 
AteS©ii^K^£©Hffi*S-r^5 7T»*. 

so [0 6] a»fflasHf:feit5eg»jf©«ia^ii*^ 



(10) 



1 - 1 5 3 4 1 9 
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T7P— x^-hT&S. 

CH7] 03 izmLtzmmmmo 2 mik&m&aktmft 

IT'Sli. 

[09] «lfiO»ll2lcff««SA«[flH£SBOffiA« 
*f 7*D-y70T$>3. 

[01 o]-3timwwsHt45tt-sflH»ftse, 2 
[0in ytMmw&WK.&vtzmttn&6. xm. 2 

[012] Zn-55%AM y ^ftKSttflStt 1 t 
L-fcJf£©, 010, 01 107x7^3-7x7^6 

[013] Z n - 5 5 % A 1 * y +MffiSttSl3£«J 1 t 
010, H1107f77'8~7f77'l 

l C*HTjefcStffc!l»a*£. 

6 » 6 n* ea&sa£H£ t rongts * 7" ^ 7 t » 
3. 

[014] *SSttgJt«tli««l3I8JlCi5^T»Sn 

[015] <Nl&g*ffi<0#a#£lKHr*fctt©iKtH 
0T?£> -So 

[016] mmomm 3 K&3fc§ji*:igii]£siB©«§sK 

Sr^-r7*n-7 70TS)So 

[017] B^3ffilC«ttS£a&Sftff0gL9#M 



£St7 0-ft-htS^ 
[018] 1ftM<D7>Ty73 0mMmiz&VZ>18liL&ffi 

[019] jwao^xv^3©«naaK:*»t*Asn&* 

[02 0] £MW»«3K«4*g«&gaf5£8IBK:«fco 
[02 1] £ffi©^9M£ffi£&A&Sffl££ll©#tJ$ 

[022] Hfl&attc&ttsttn&sstff 0109^11 

^/Kt7n-ft-hT$5. 
[02 3] Mifi©*^? 75 Kfcttftl 

[02 4] $ttro»g^K:ffi*t3A&gfl|££Bk:<J:? 
TSi07/t> i/;ns fitftg & L £ £ E * K Jt 
*r 4 SH£EIE t © M % £ 7* 7 7 T & * . 
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[01] 




#BB¥1 1 - 1 5 3 4 1 £ 
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20 40 6 



60 ( ') 




u 0 0.3 0.6 0.9 1.2 1.5 (mm) 
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[HI 5] 



[017] 




(m/m I n) 



[02 03 




flltil a m0. 1mm f)fi[1 b tf»1 . 3 ir 



[02 2] 




( 1>K ) 



(14) 
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